ABSTRACT: From 1998 to 2000, serum samples of 80 shot European brown hares (Lepus europaeus) from Argentina were examined for antibodies against European brown hare syndrome virus (EBHSV) and 80 spleen samples were tested for EBHSV-antigen by enzyme linked immunosorbent assay (ELISA). Nine hares were positive for EBHSV-antigen. Antibodies against EBHSV were detected in only one individual. Based on negative staining electron microscopy of spleen homogenates, we observed calicivirus in one of five EBHSV-antigen positive hares. However, EBHS has not been reported to cause abnormal mortality in these hares. This is the first report of antibodies to EBHSV, EBHSV-antigen, and electron microscopy findings in free-ranging European brown hares from South America.
INTRODUCTION
A general decline of European brown hare (Lepus europaeus) populations has been observed in several European countries. Although all reasons have not yet been identified, diseases have been suggested to play a role in the decline of local hare populations (Seck-Lanzendorf, 1997) . European brown hare syndrome (EBHS) is caused by caliciviral infection of freeliving and farmed hares, mainly characterized by acute hepatitis and hemorrhage of the internal organs (Poli et al., 1991) . In the early 1980s, EBHS was diagnosed in Sweden for the first time (Gavier-Widé n and Mö rner, 1989), but outbreaks with lesions consistent with EBHS have been described from England since 1976 (Duff et al., 1997) and were known by hunters in Scandinavia in the early 1970s (Lenghaus et al., 2001) . In 1989, Lavazza and Vecchi (1989) found viral particles in European brown hares that had died from EBHS. The causative agent is a small icosahedral, non-enveloped, and hemagglutinating virus (Gavier-Widé n and Mö rner, 1991), classified as a calicivirus (Ohlinger and Thiel, 1991) . European brown hare syndrome virus (EBHSV) is highly contagious and transmission usually occurs directly or indirectly by orofecal and respiratory routes (Xu and Chen, 1989) .
European brown hare syndrome has been reported in many European countries (Frö lich et al., 2001 ) but until now it was not known outside Europe (Lenghaus et al., 2001) . In 1888, imported European brown hares were released for hunting in the province of Santa Fé , Argentina. Due to the presence of beneficial habitat the hare population increased rapidly and in 1907 the European brown hare was officially declared a pest. As a consequence, commercial hunting started in the early 1930s (Kujawski, 1998) .
Our objective was to determine whether European brown hares in one area from Argentina were naturally infected with EBHSV.
MATERIAL AND METHODS
The study area was located near the city of Azul (350 km southeast from Buenos Aires; 36Њ46ЈS, 59Њ57ЈW). European brown hares were culled and spleen and blood samples were collected by local Argentinian hunters. in 2000 (nϭ30), respectively. Sera and spleen samples were stored at Ϫ20 C and shipped frozen to the Institute for Zoo and Wildlife Research (IZW; Berlin, Germany) within 4 wk with support from Geti-Wilba GmbH (27432 Bremervö rde, Germany). Virology and serology were performed on spleen and serum samples.
For antigen demonstration and serology we used an EBHSV-antigen and an antibody blocking enzyme-linked immunosorbent assay (ELISA) test kit according to Frö lich et al. (1996) and Moussa et al. (1992) . Spleen samples were tested for EBHSV-antigen and sera were tested for specific antibodies against EBHSV. Briefly, EBHSV-antigen ELISA microplates (Maxisorp, Nunc-Roskilde, Denmark) were coated with rabbit anti-EBHSV immunoglobulin G (IgG), and the supernatants from the spleen material were analyzed as quadruplicates. Following overnight incubation and washing, the wells were reacted with immunosorbent treated guinea-pig anti-EBHSV hyperimmune serum in two wells and with normal guinea-pig serum in the residual two wells, and finally all wells were incubated with rabbit anti-guinea-pig peroxidase conjugate (Denmark code P141, DAKO Diagnostik GmbH, Hamburg, Germany) and orthophenylene-diamine (OPD) substrate (Sigma-Chemie GmbH, Deisenhofen, Germany). The results were read at 490 nm on a MTF 10 spectrophotometer (Wissenschaftlicher Gerätebau, Berlin, Germany). Test samples that deviated Ͼ3 standard deviation (SD) from the mean of the negative controls were considered positive.
A modification of the antigen-ELISA technique, as described above, was used for detection of blocking antibodies against EBHSV in a competitive assay. Briefly, serum samples were added to anti-EBHSV IgG precoated wells, followed by a predetermined dilution of a known EBHSV-antigen suspension. After a new incubation period the previously described procedure for the antigen ELISA was followed. Sera that deviated Ͻ3 SD from the mean of negative control sera in a dilution of Ն1:10 were considered antibody positive. Sensitivity and specificity of the antibody-blocking ELISA was 100% and 60% in a serum dilution of Ն1:2, respectively and 100% for both in a dilution Ն1:4.
Spleen samples of five EBHSV antigen positive hares where a sufficient quantity of samples was available, were examined by electron microscopy using the negative staining technique according to Gelderblom and Ö tzel (1983) . Specimens were homogenized in a tissue grinder with sterile sea sand and phosphate buffered saline (PBS, pH 7.2). After centrifugation, the sediment was placed on 100 mesh copper grids (Baltec, Walluf, Germany) covered with formvar film and coated with carbon (Plano, Marburg, Germany). Finally, the grids were negatively stained with 2% phosphotungstic acid (Serva, Heidelberg, Germany) pH 7.0 and examined on an EM 902 A electron microscope (Carl Zeiss, Oberkochen, Germany).
RESULTS
European brown hare syndrome virus antigen was present in nine of 80 (11%) spleen samples examined. Of these, seven samples were positive when diluted 1:10 and two samples were positive up to a dilution of 1:100 (Table 1) . Virus particles characteristic for calicivirus were found in one spleen homogenate of the nine EBHSV-antigen-positive hares by negative staining electron microscopy. Antibodies against EBHSV were detected in only one of 80 hares. This serum was positive when diluted 1:10. However, the corresponding spleen sample was negative for EBHSVantigen.
DISCUSSION
Nine European brown hares from Argentina were positive for EBHSV-antigen but negative for antibodies against EBHSV in the corresponding serum sample. In these cases the hares might have been shot prior to development of specific antibodies in an early viremic stage of infection or serum sample quality was poor affecting test sensitivity. The low number of antibody-positive reactors in general may be also explained by the poor serum sample quality. Viral particles indicative of calicivirus were demonstrated by negative staining electron microscopy in one of five antigen-positive hares. However, virus isolation, molecular characterization, pathology, and experimental investigations of the pathogenicity of this virus have not been performed but will be conducted in the future.
To our knowledge, this is the first report of EBHSV-antigen and antibodies in freeranging hares from South America. In the study area, EBHS has not been reported to cause abnormal mortality in hares to date. However, undetected wildlife dieoffs in this area cannot be excluded.
It is conceivable, that a less pathogenic variant of EBHSV may be present in the population investigated which does not cause clinical symptoms suggestive of EBHS. This form of EBHSV may have been carried from Europe to Argentina in the 19th century by the importation of European brown hares and remained apathogenic until now. This hypothesis is supported by the following studies; Bascunana et al. (1997) reported detection of EBHSV-antigen by polymerase chain reaction in paraffin embedded specimens collected in the 1970s in Sweden, although the earliest confirmed clinical case characterized by severe hepatic lesions was found in 1980 (Gavier-Widé n and Mö rner, 1989) . Lesions consistent with EBHS have been described from England since 1976 (Duff et al., 1994) and specific antibodies were found in sera archived since 1962 (Duff et al., 1997) , although confirmed clinical cases of EBHS were first diagnosed by pathologic and electron microscopy findings in the UK in 1990 (Chasey and Duff, 1990) . This demonstrates that EBHSV might have occurred in European hare populations years before clinical signs of EBHS were described. Retrospective serologic investigations on the closely related rabbit hemorrhagic disease virus (RHDV) also revealed similar results in Europe; antibodies against RHDV were found in rabbit sera from the Czech Republic and Austria as far back as 1961, indicating that an apathogenic variant of the virus had been endemic in European rabbits for some time before clinical signs of the infection appeared (Nowotny et al., 1997) .
In conclusion, it is conceivable that a less pathogenic variant of EBHSV may exist among European brown hares in Argentina and that an ancestor of the present European EBHSV strain might have been apathogenic.
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